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INTRODUCTION

The Computer Sciences and Data Systems Technical Symposium was
held to respond to the communications challenges posed by the rapidly
advancing technical arena surrounding NASA personnel. This was the
second meeting in what will be periodic gatherings. The intended
purpose of these meetings is to bring NASA people together to present
their progress, to air their thinking and, in general, to discuss the
nature and results of their work within the agency on a wholly technical
level. These meetings are not intended as a forum for program reviews,

budget presentations or advocacy hearings.

NASA personnel have long been recognized as prolific contributors
to the journals of technical societies and organizations within the aero-
space community. Symposiums such as this one, organized to improve
the interchange of technical information and understanding within NASA,
have resulted in valuable connections. These meetings will be continued.
The Proceedings of the April 1985 Computer Sciences and Data Systems
Technical Symposium are presented to provide a legacy for the latest

gathering and a springboard to the next.
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N87-29147
ONBOARD HIGH DATA RATE SIGNAL PROCESSING AND STORAGE

WARNER H., MILLER
NASA/GSFC
4/17/85

HISTORY

THE NEED TO INCREASE THE INFORMATION RETURN FROM SPACE-BORNE
IMAGING SYSTEMS HAS GROWN DRAMATICALLY DURING THE PAST DECADE.
THE GROWTH IN THE USE OF MULTISPECTRAL DATA HAS RESULTED IN
THE NEED FOR GREATER SPATIAL RESOLUTION AND SPECTRAL COVERAGE.,
INCREASES IN RESOLUTION, FIELD OF VIEW AND NUMBER OF SPECTRAL
BANDS HAVE ALL POINTED IN THE SAME DIRECTION,..TOWARD INCREASED
DATA RATES AND HIGHER BANDWIDTH REQUIREMENTS. FURTHERMORE,

THE DATA RATE IMPLIED BY THESE IMPROVED PERFORMANCE CHARAC-
TERISTICS CAN BE EXPECTED TO GROW MORE RAPIDLY THAN SPACECRAFT
TELECOMMUNICATIONS CAPABILITIES., ALTHOUGH THE TELECOMMUNICA-
TIONS CAPABILITY PLANNED THROUGH THE 1980Ss IS RELATIVELY LARGE,
FEASIBILITY STUDIES ON SOLID STATE MULTISPECTRAL IMAGING
INSTRUMENTS IN SUPPORT OF LAND OBSERVING SYSTEMS, USING CHARGE
CoupLED DEVICES (CCD) TECHNOLOGY, UNCGVER DATA RATES THAT
EXCEED THE TELECOMMUNICATIONS CHANNEL CAPACITY. ONBOARD
SIGNAL/DATA PROCESSING WILL PLAY A PIVOTAL ROLE IN SATISFYING
THE NEED FOR MORE INFORMATION BY UTILIZING THE AVAILABLE COM-
MUNICATION CHANNEL AT HIGHER EFFICIENCY.

THE OBJECTIVE OF THIS PROGRAM IS TO ADVANCE THE STATE-OF-THE-
ART IN ONBOARD IMAGE DATA PROCESSING AND STORAGE THROUGH THE
USE OF ADVANCE GAAS INTEGRATED CIRCUIT TECHNOLOGY. AS GAAs
INTEGRATED CIRCUIT TECHNOLOGY MATURES, IT WILL BE ADVANTAGEOUS
FOR SMART SENSOR SIGNAL PROCESSING, WHERE THE HARDWARE REQUIRE-
MENT IS HIGH DATA RATE PROCESSING, AT LOW POWER AND INCLUDING
RADIATION TOLERANCE.

FUTURE PLANS

THE OBJECTIVE OF AN EXISTING CONTRACT WITH ROCKWELL INTER-
NATIONAL IS TO MANUFACTURE A MICROPROCESSOR CHIP SET USING
GAAS., THIS CHIP SET, WHEN FUNCTIONING TOGETHER ON A SINGLE
CIRCUIT BOARD, WILL PERFORM HIGH DATA RATE IMAGE PROCESSING
ALGORITHMS., THE INITIAL CHIP SET WOULD CONSIST OF FOUR DEVICE
TYPES WITH THE ABILITY TO ADD FAMILY PARTS AS FUTURE SYSTEM
DEMANDS REQUIRE. THE DEVICE TYPES WOULD INCLUDE: CONTROL
SEQUENCER WITH ROM, 8 BIT SLICE GENERAL PROCESSOR, I/0 AND
INTERRUPT CONTROLLER, AND A GENERAL PURPOSE RAM., THIS CHIP
SET USING GAAS TECHNOLOGY WOULD PRODUCE A FUNCTIONAL COMPUTER
SYSTEM OPERATING WITH A 5 NANOSECOND MICROCYCLE TIME. IN
1985, THE CHIP SET ARCHITECTURE WILL BE DEFINED, AND THE CHIP
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SET CRITICAL SPEED PATH ANALYZED TO ATTAIN A SYSTEM CLOCK
RATE OF NO LESS THAN 200 MHz, FOLLOWING TASKS WILL INCLUDE
CHIP SET DESIGN, LAYOUT AND FABRICATION. FINALLY, THE CHIP
SET WILL BE INTEGRATED ONTO A SINGLE CIRCUIT BOARD WITH THE
CONTROL SEQUENCER, ROM MASK PROGRAMMED TO PERFORM AN IMAGING
PROCESSING FUNCTION, WHEN CONFIGURING TWO 8-BIT SLICES OF
THE GENERAL PROCESSOR, THE CHIP SET ARCHITECTURE WILL DEMON-
STRATE EMULATION OF MIL-STD-1750A INSTRUCTION SET,
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MP - AP SIGNAL PROCESSOR
CONCEPT FOR NSCAT

ARRAY PROCESSOR (AP) MODULE

-7 ]
| [ar contror] [P prosran | |
: MEMORY MEMORY :
MAIN S/C | l |
CONTROL | / |
Y CONTROLY | | AP coNTROL| |ARITHMETIC| |
PROGRAM| | | pRoCESSOR PROCESSOR | |
MEMORY | | 7T 1 |
I l
$ I |
CONTROL INTER-
w & 7] Face : Ei X :
A | I
oatA | ! |
X MEMORY : ) :
l & BUFFERS| | | DATA MEMORY |
PROCESSED | | & BUFFERS |
SIGNAL DATA T -
FOR DOWNLINK DIREC;,ACCESS
DATA INPUT PORTS IF
FROM RCVR ADC NEEDED

L

D_ FIGURE 2. MICROPROCESSOR - ARRAY PROCESSOR (MP-AP) CONCEPT
FOR THE NROSS WIND MEASUREMENT RADAR (NSCAT)
SIGNAL PROCESSOR, WJR-L4/17/85
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PRODUCE REAL-TIME
HARDCOPY STATUS
REPORT DISPLAY
AFTER EA,
TEST

ACCUMULATE

STATISTICS
RECORD
GIN MESSAGE MESSAGE
STATE SINK SOURCE
CHANGES .
ACQUIRE
GIN ACCEPT QUTPUT
STATE MESSAGES MESSAGES
CHANGES

NATIVE OPERATING SYSTEM
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FIBER OPTIC DATA SYSTEMS

R. Hartenstein
NASA Goddard Space Flight Center
April 17, 1985

Abstract

This paper is an overview of a continuing data system architecture
development effort that started at GSFC with OAST support approximately
three years ago. The paper also provides accomplishments and states of
the OAST effort and a brief comment on possible future directions. The
Space Station Focused Technology (SSFT) program has picked up support
of this effort and that portion will be addressed during the SSFT discus-

The Star bus was originally chosen for investigation because it
seemed to offer unique features unavailable with other topologies. It
offered a broadcast mode where everyone received the message at the same
time and users could come and go at will without affecting the rest of the
system in any way. In order to address the reliability issue, we insti-
tuted both a component qualification program and redundancy techniques
in the BIU design. The major effort in developing a data network has
been the FODS contract at Sperry Flight Systems in Phoenix, Arizona.

The FODS (Fiber Optic Demonstration System) consists of a fully redundant
Star Network with a 100 megabit signaling frequency. The paper pre-
sents some performance data on the access protocol utilized and compares

it with other access protocols. The status of the qualification effort is
presented showing the successful qualification testing of cables, connectors,
and some LEDs and PIN diodes. The point of the future directions charts
is that we must begin seriously dealina with multiple topologies and methods
for smoothly "growing" them from IOC to the growth systems on Space
Station.
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STAR BUS TECHNOLOGY
COMPONENT QUALIFICATION
NOS/00S PROTOTYPE
GATEWAY / BRIDGE

VLSl IMPLEMENTATION

FUTURE DIRECTIONS
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BIU

BIU

BIU BIU
»
GATEWAY/
BRIDGE
BIU BIU
NETWORK A NETWORK B

SPERRY FOODS

100 MB FIBER OPTIC LAN

30 MB MAX / BIU

CSMA /CD/ TS OR TS PROTOCOL
DISTRIBUTED CONTROL

DUAL PORTED BIU'S

¥ TO BE DEVELOPED
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Page 2

TABLE I

FODS PARTS QUALIFICATION STATUS

Part # Part Type Manufacturer Test Results Status
MFOE 1201 LED/Emitter Motorola Qual. Pass Report
MFOE 1202 LED/Emitter Motorola Screening ——— Test
MFOD 1100 PIN/Detector Motorola Qual. Pass Report !
C30971E* PIN/Detector RCA Analysis - Test
SFC-20x20-F* Coupler Aetna (ADC) Evaluation Pass Report
0C-1040-10 Cables Brand Rex Qual. Pass Report
840R Fiber 200/240 | Spectran Qual. Pass Report
200-s Connector OFTI Qual. Pass Report
906-122-5003 Connector Amphenol Qual. Pass Pacer
SFC-32x32-F* Coupler ADC Qual. —-—— Procuremenj

* Further testing
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FUTURE DIRECTIONS

® NEED RELIABILITY

® NEED GROWTH / FLEXIBILITY

® GET AWAY FROM STARBUS
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32
32

SUPER STAR

32 X 32 = 1024 PORTS (992 USER}]
DUAL STARS / BiU's DOUBLE PORTED
TWO—WAY THRU—WAYS

TIME DELAYS ALL EQUAL

TRAFFIC PATTERN SENSITIVE
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ADVANCED LOCAL AREA NETWORK CONCEPTS

This technology development program for onboard Local Area Network (LAN)
Concepts is based on a balance of academic studies of new protocol and
topology through university grants together with in-house analysis and
development of simulation tools. In-house simulation of LAN concepts is
being backed up by analytic performance models. Another major element of
this program is the constant review of the current outside Titerature on
LAN analysis and the review of the Space Station Data System Architecture
Study reports.

Development of a good model of the data traffic requirements for LANs
onboard the Space Station is a driving problem in this work. A parame-'
terized workload model is under development with its structure to be
circulated for comments to other NASA researchers, the potential user
community, and the system development contractors. An analysis contract
has been started specifically to capture the distributed processing
requirements for the Space Station and then to develop a top level model
to simulate how various processing scenarios can handle the workload and
what data communication patterns result.

Most of the studies are ongoing and the material presented here should be
taken as only a sampling of the work. Attached are three distinct items:
(1) a summary of the "Local Area Network Extensible Simulator I1I Require-
ments Specification", (2) excerpts from a recent Stanford University grant
report by M. M. Nassehi, F. A. Tobagi, and M. E. Marhic, "Topological
Design of Fiber Optic Local Area Networks with Application to Expressnet",
and (3) as an appendix, from a Santa Clara University grant, Prof. T. J.
Healy, "Coding and Decoding for Code Division Multiple User Systems,"

IEEE Transactions on Communications, April 1985.
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ADVANCED
LOCAL AREA NETWORK

CONCEPTS

TERRY GRANT
NASA-AMES RESEARCH CENTER
APRIL 1985
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LOCAL AREA NETWORK EXTENSIBLE SIMULATOR
(LANES)

OBJECTIVE: TO PROVIDE A SIMULATION MODELING CAPABILITY OF
ONBOARD LOCAL AREA NETWORK (LAN) CONCEPTS WITH

APPLICATION TO THE SPACE STATION DATA SYSTEM

JUSTIFICATION: TO PROVIDE FOR DEVELOPMENT AND TECHNICAL
INTERCHANGE OF VIABLE SPACE STATION LAN DATA
SYSTEM CONCEPTS THROUGH SIMULATION MODELING

APPROACH:DEVELOP A VERSATILE MODEL OF LAN TECHNOLOGY
THROUGH IMPLEMENTATION OF THE 1SO—0SI NETWORK
PARADIGM USING STATE—OF -THE—ART MEDIA ACCESS
RULES AND PHYSICAL LAYER TOPOLOGIES.

TECH TRANSFER: DELIVER SIMULATION CAPABILITY FOR EXPERIMENTATION

THROUGH REMOTE ACCESS OF LANES VIA TELENET
AS INDIVIDUAL MODELS ARE DEVELOPED:

0 NASA CENTERS
0 INDUSTRY
0 UNIVERSITIES
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INTERNATIONAL STANDARDS ORGANIZATION—
OPEN SYSTEMS INTERCONNECT

(1S0—0sl)
REFERENCE MODEL

APPLICATION % =  APPLICAITON
PRESENTATION [« « PRESENTATION
SESSION % ) SESSION
PEER
TRANSPORT o TRANSPORT
PROTOCOLS
NETWORK % ® NETWORK
LINK < <& LINK
PHYSICAL PHYSICAL

INTERCONNECTING MEDIUM
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LOCAL AREA NETWORK EXTENSIBLE SIMULATOR
VERSION |
ISC—0SI MODEL

APPLICATION APPLICATION

PRESENTATION PRESENTATION

SESSION SESSION
TRANSPORT TRANSPORT
PEER
NETWORK NETWORK

PROTOCOLS

PHYSICAL LAYER - PASSIVE STAR
LINK LAYER - CSMA/CD/TS (FODS) PROTOCOL
LOAD LAYER - SINGLE MESSAGE SIZE,
USER DEFINED MESSAGE INTERARRIVAL TIME

USER DEFINED HESSAGE ABSORPTION TIME
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LOCAL AREA NETWORK EXTENSIBLE SIMULATOR

APPLICATION

PRESENTATION

SESSION

VERSION I

ISO—0SI MODEL

TRANSPORT

PEER
PROTOCOLS

APPLICATION

PRESENTATION

SESSION

TRANSPORT

"/’/.v///!l/
cien st LPFEFELALS L

G
I

\

7,

PHYSICAL LAYER
LINK LAYER

NETWORK LAYER
LOAD LAYER

STAR OR TOKEN PASSING RING

FODS OR FDDI TOKEN RING MEDIA ACCESS CONTROL

(ANSI X3T9/84-X379.5/883-16 Rev. 7.2)
USER DEFINED MESSAGE BUFFERING
USER DEFINED MESSAGE DESCRIPTORS
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NETWORK STATION
‘ DATA TRANSMISSION, RECEPTION, AND STORAGE

LOAD LAYER

type, length, rate, : finite delivery rate,

| -
4 priority, destimation, | : .
infinite buffer space | anxnxye buffer space

0201

GENERATION

sync
nessages

asyncrunous HESSGQES

sync
Ressages {: asyncronaus wessages

.Transmlti i .F.i_ntijt'e message buffer spacefj

finite i 35 : single
nunber of : : : frane
franes

PHYSICAL LAYER ¢
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LANES |
USER INTERFACE |

THE USER INTERFACE ALLOWS THE EXPERIMENTER TO:
0 CONSTRUCT ALTERNATIVE NETWORKCONFIGURATIONS
0 SELECTIVELY COLLECT AND ANALYSE DATA
0 CONSTRUCT AND RUN MULTIPLE SEQUENTIAL EXPERIMENTS

THE USER INTERFACE PROVIDES:

0 USE OF *"MENU" SYSTEM TO MANIPULATE LANES PARAMETERS
0 AN ON—LINE “HELP® UTILITY
0 A HARDCOPY USER'S GUIDE
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LANES
DATA COLLECTION AND ANALYSIS SERVICE

COLLECTION SERVICES: STATION LEVEL
0 NUMBER OF OCCURRANCES OF ELEVEN PARAMETERS
0 MAXIMUM, MINIMUM, AND MEAN VALUE OF ELEVEN PARAMETERS
0 INTERVAL BASED COLLECTION OF TWENTY—-ONE PARAMETERS
0 EVENT TIME TRACES OF ALL STATION ACTIVITY

COLLECTION SERVICES: NETWORK LEVEL
0 NUMBER OF OCCURRANCES OF ELEVEN PARAMETERS
0 MINIMUM, MAXIMUM AND MEAN VALUES OF TEN PARAMETERS
0 INTERVAL BASED COLLECTION OF TWENTY—ONE PARAMETERS

ANALYSIS SERVICES:

0 NETWORK THROUGHPUT EFFICIENCY
0 TOTAL BUS UTILIZATION
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Topological Design of Fiber Optics Local Area Networks
With Application to Expressnet*

by

M. Mehdi Nassehi, Fouad A. Tobagi and Michel E. Marhict
Computer Systems Laboratory
Department of Electrical Engineering

Stanford University, Stanford, CA 94305

Abstract

The use of fiber optics technology as a transmission medium in Local Area Networks
(LAN’s) brings about primarily three benefits: high bandwidth, immunity to electromag-
netic interference, and light weight. But in (multi-tapped) passive broadcast bus con-
figurations, the characteristics of certain fiber optics components that are needed, (such
as reciprocity and excess loss in optical taps,) place severe constraints which must be
taken into account in the topological design of such networks. These constraints manifest
themselves in the form of a limitation on the maximum number of stations that a partic-
ular network configuration can support, given the components’ characteristics and special
requirements introduced by the access scheme. In this paper we provide a general and
unified approach to the power budget analysis and optimization problem, and apply the
technique to the study of a number of interesting high-performance LAN’s, among others,

Expressnet.

*This work was supported by the National Acronautics and Space Administration under Contracts NASA-
NAG-2-292 and NASA-NAGW-419. M. Mchdi Nasschi is on an IBM Graduate Fellowship.

tOn leave from Northwestern University, Dept. of Electrical Enginccring and Computer Science, Evanston,

1L, 60201.
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VI. Conclusion

A number of configurations for fiber-optics implementation of Expressnet, and other
related networks, were presented. Based on a unified approach, the maximum number of

stations Njax that each of these configurations can support was computed.

For local area networks such as Expressnet, it proved useful to make a distinction
between the connectivity requirement needed for broadcast communication and the linear
ordering requirement needed for access control. Such a distinction allowed us to consider
configurations consisting of two separate subnetworks: one called the data subnetwork
satisfying the connectivity requirement, and the other called the control subnetwork satis-
fying the linear ordering requirement. The topology of the control subnetwork is inherently
linear. When the topology of the data (collection) subnetwork is linear, then the latter
automatically satisfies the linear ordering requirement and a separate control subnetwork

becomes unnecessary.

The numerical results have shown that, with multimode fibers, high-cost components,
and uniform optimization of couplers, all iber-optics configurations implementing Express-
net can support more than 50 stations, with the exception of the all-linear configuration
(i.e., lincar collection and lincar distribution) which can support 30 stations. For config-
urations in which the data (collection) subnetworks do not have a linear topology (i.e.,
tree, star, or compound), the number of stations that these data subnetworks can sup-
port (discarding the control subnctwork) far exceed 50, reaching several hundreds. The
limitation of 50 to 70 stations, depending on the data rate (50 Mbps to 200 Mbps,) is
then imposed by the linear control subnetwork. For components with mid-range parame-
ters, only data subnetworks with the star topology and compound topologies (with large
funneling width) can support large numbers (also in the hundreds). All others including
the linear control subnetwork can hardly reach 10. Low cost components in all cases are

totally inappropriate.
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The numerical results have also shown that individual optimization substantially im-
proves the number of stations, doubling it in many cases (obviously, with the exception
of the star network where no 2 x 2 coupler is used.) It was observed that the singlemode
fiber technology does not outperform the multimode case, despite the lower excess-loss of
couplers in the former. This is due to the fact that the amount of optical power that can
be injected into a singlemode fiber is significantly smaller than what can be injected into

a multimode fiber.

From these results, it is clear that there are configurations in which one can support a
significant number of stations, and that the main limitation comes from the linear ordering
requirement imposed by the scheme. This suggests that the use of repeaters on the (fiber-
optics) linear control subnetwork may be necessary to increase the maximum number of
stations. This also suggests that, if one uses a medium other than fiber-optics (such
as twisted-pair and coaxial cable) to implement the control subnetwork, then one could

support a much larger number of stations than indicated.

The numerical results obtained for the data subnetworks, (excluding the control subnet-
work,) are useful as they pertain to networks based on demand assignment access schemes
that do not have the linear ordering requirement. Examples are PODA [34] and TIAM [35]
both of which achieve a high utilization of bandwidth by employing a reservation tech-
nique. Unfortunately these schemes tend to be more complex than the Expressnet access

algorithm, and thus more costly to implement.
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Fig. 2 The folded bus structure.
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Fig. 3 The folded bus structure with sense taps on the outbound channel.
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Fig. 4 UBS configuration used with Expressnet.
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Fig. 5 Fiber-optics components: (a) a connector, (b) a joint, (¢) a coupler, and (d) an S x S star
coupler.
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Coding and Decoding for Code Division Multiple User

Communication Systems

TIMOTHY J. HEALY, SENIOR MEMBER, IEEE

Abstract—A new algorithm is introduced which decodes code division
multiple user communication signals. The algorithm makes use of the
distinctive form or pattern of each signal to separate it from the
composite signal created by the muitiple users. Although the algorithm is
presented in terms of frequency-hopped signals, the actual transmitter
modulator can use any of the existing digital modulation techniques. The
algorithm is applicable to error-free codes or to codes where controlled
interference is permitted. 1t can be used when block synchronization is
assumed, and in some cases when it is not. The paper also discusses
briefly some of the codes which can be used in connection with the
algorithm, and relates the algorithm to past studies which use other
approaches to the same problem.

1. INTRODUCTION

HE primary purpose of this paper is to introduce a new

algorithm for decoding signals in a code division multiple
user communication system, We also discuss some concepts
relating to coding for such systems, review some past work in
coding and decoding, and show the relation of this work to
the new algorithm introduced here.

The coding and decoding discussed here are applicable to
many forms of multiple user systems, including many-to-one
systems, usually referred to as “multiple access” systems, one-
to-many, usually called “broadcast™ systems, and any combina-
tions of these, Code division multiple user communications
can be an attractive alternative to other multiple user systems
employing division over time or frequency if the system has
a large number of customers with low duty cycles, so that a
relatively small fraction of the customers are active users
at any one time. In such situations it may not be desirable to
dedicate a time or frequency slot to each customer,

Quite a bit of work has been done in this field in the past
five years. Although this work is usually done for multiple
access environments, it is very often applicable to other multj-
ple user configurations also. The basic scheme discussed here
was apparently first proposed by Viterbi {14]. The idea was
then extended by Goodman, Henry and Prabhu [5]. Some
approaches to coding were discussed by Einarsson [3]. An
improvement in the decoding algorithm was proposed by
Timor [12]. In addition to the above applications-related
studies, a number of information-theoretic studies relating
to this field have also been carried out, including [1], [2],
{4],18],and [10]}.

The decoding in the application studies above is accom-
plished by an approach which we shall refer to here as “‘address
decoding.”” This paper introduces an alternative decoding
algorithm which we refer to as “composition decoding,”
for reasons which will be discussed shortly. This algorithm
is more powerful than address decoding in the latter’s original

Paper approved by the Editor for Communication Theory of the IEEE
Communications Society for publication after presentation at IEEE GLOBE-
COM, San Diego. CA, December 1983. Manuscript received October 24,
1983; revised August 1, 1984. This work was supported by the National
Acronautics and Space Administration under Grant NCC2-128.

The author is with the Department of Electrical Engineering and Computer
Science, University of Santa Clara, Santa Clara. CA 95053.
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form, but is essentially equivalent to the extended algorithm
of Timor [12].

The algorithm introduced here can be used with error-free
codes or with codes where controlled interference is per-
mitted. It can be applied in situations where block synchroniza-
tion is required, or it can be used where block synchronization
is not available.

We begin by introducing the assumed channel model in
Section II. In Section 11l the signaling scheme is introduced,
and a definition which is important to the description of the
composition decoding algorithm is given, The algorithm is
described in Section IV. The problem of generating codes is
discussed in Section V, and the new algorithm is related to
address decoding. Error correction approaches are raised in
Section VI, and Section VIi gives a number of possibie ap-
plications of code division multiple user coding.

II. THE MULTIPLE USER COMMUNICATION CHANNEL

In this section we describe the multiple user channel
configuration, and make a number of assumptions about
the channel.

A. System Configuration

The general multiple user communication channel con-
sidered here is shown in Fig. 1.

In the multiple access configuration there is more than
one source, but only one receiver. In the broadcast mode
there is just one source, but more than one receiver. The
codes described in this paper are applicable to any of these
forms, or to any combination of them, where k and s either
are fixed over the life of the system, or are dynamic.

B. Assumptions

The channel assumed here is a so-called “‘OR” channel,
in which the channel output is a zero (or a “space™) if all
of the inputs are zero, that is, if none of the & users radiates
a signal into the channel, and the channel output is a one (or
a “mark”) if one or more of the users radiates into the channel.
In a logical sense this is equivalent to an “inclusive or” opera-
tion. The output is zero only if all inputs are zero. Otherwise
it is a one.

Other channels might be considered for the coding scheme
introduced here. For example, an “adder” channel tells the
receiver iow many users radiated into the channel. This infor-
mation can be used to increase the overall rate at which data
are transferred. Nonetheless, the OR channel was selected here
because it is simple, and because it is robust in a noisy environ-
ment. The general coding and decoding technique could be
extended to other channels if desired.

We also assume block synchronization at first, but this is
relaxed later in the paper.

III. THE SIGNALING SCHEME

This section describes the signaling which is assumed here.
and introduces a definition which is important to the dis-
cussion of the new algorithm in the section to follow.

2-159



ORIGINAL PAGE IS
OF POOR QUALITY

HEALY: CODING AND DECODING FOR CODE DIVISION MULTIPLE USER SYSTEMS

Source 1 — e Receiver 1

Source 2 — » Receiver 2

OR

Channel

Source k __]—_’

Fig. 1.

Receiver s

Multiple user communication channel.

%

L P

Fig. 2.

7
7
General signaling scheme.

A. Signaling

The basic signaling technique considered in this paper is a

frequency hopping scheme, shown in Fig. 2. During each of r
time periods in a block of time of length T, a given user
transmits exactly one signal burst of one frequency. indexed
from 1 to m. Thus, each user creates a block of ““on-off™ or
~mark-space” signals which represent the message to be sent.
Each of the other users in the multiple access system simul-
taneously transmits some other block. The blocks which are
transmitted are taken from a codebook which gives unique
codewords or patterns to each user. The blocks are combined
in the oR channel to form what we shall refer to here as a
“composite signal.”” The task of the receiver is to deduce
from the composite signal which blocks must have been
sent by which users. It must do this without error, in the
noise-free case, in spite of the fact that some users will, in
general, radiate into the same cell in Fig. 2 at the same time,
causing interference or a “hit.” This paper shows how a de-
coding algorithm can accomplish this error-free decoding with
reasonable efficiency. We refer to this as **‘composition decod-
ing.”
The signaling scheme has been described above as a fre-
quency-hopping technique. However, it is important to under-
stand that it is by no means essential that the final modulation
stage in an actual transmitter be a frequency hopper. While
it is convenient to describe the coding and decoding steps from
the frequency-hopping viewpoint, the actual signal could be
transmitted over the desired channel by any desired modulation
scheme. For example, the m by r signal matrix could be trans-
mitted as a binary sequence of length mr using binary phase
shift keying by simply stringing out the binary elements of
the matrix, one row at a time.

We assume first that the system has both block and bit
synchronization. Block synchronization means that each of
the users transmits in the same relative time frame. Everyone

transmits the first frequency in its codeword at the same time,
from the receiver's perspective, the second frequency next,
etc. Bit synchronization means that there is no overlap of
signal duration from one signaling time to the next. Thus, bits
which are contiguous in time do not interfere.

We also assume that adjacent channel interference and inter-
svimbol interference can be neglected. The result of the above
assumptions is that the only interference effect considered
here is simultaneous use of the same channel. We shall refer
to this phenomenon as a “hit.”” This is a normal and expected
phenomenon, the effects of which are eliminated by the
decoding algorithm.

B. Interference-Free Codebooks

To illustrate the operation of the system, we give next a
very basic example. We assume that there are just two users,
called X and Y, which can send either of two messages, called
4 and B. The chosen code uses four frequency slots (m = 4)
and two time slots (r = 2). Each of the users is assigned a
codeword for each message. Each codeword has a certain
number of terms or “elements” which are the frequencies
transmitted in each of the time slots. A listing of the code-
words assigned to the users is called a ‘“codebook.”” The
codebook for this example is given in Table 1. For example,
the element pair ““1, 3” in the table means that user Y sends
message 4 by transmitting frequency 1 in time slot 1 and
frequency 3 in time slot 2. In Fig. 3 we show the composite
signal matrices seen by the receiver for the four possible com-
binations of messages sent by the two users.

The expression XA — YB means that user X sent message
A and user Y sent message B.

At this point we introduce a definition which concerns
codebooks, and which we will need later when we introduce
the decoding algorithm. )

Definition 1. A codebook is said to be “interference-free”
if every codeword has at least one element which does not
belong to any composite to which the codeword itself does
not belong.

The codewords in Table I were carefully chosen so that the
codebook would be interference-free.

(An alternate possible name for codes defined above as
interference-free is “‘salient” codes, taken from the fact that
each codeword has at least one salient or distinctive feature.)

If the codebook is changed to that shown in Table II,
we no longer have an interference-free code. For example,
codeword YA does not have an element which does not
belong 1o the composite XB — YB. We say then that the
codeword YA has been "masked” by the interference be-
cause the composite contains all of the elements of the code-
word. We shall see later that it is impossible for the basic de-
coding algorithm to eliminate a codeword which has been
masked, and hence, an error is made.

If we wish to add more users or messages to the system,
that is, enlarge the codebook, the codebook becomes very
complex.

In the initial description of the coding scheme and the de-
coding algorithm, the channel is assumed to be noise-free,
so that the description can concentrate on the interference-
rejection features of the system. Also, it is common to assume
in many multiple user systems that the interference effects
dominate noise. However, later it is shown that the algorithm
can be modified to correct for random errors in a noisy en-
vironment.

IV. THE CoMPOSITION DECODING ALGORITHM

In this section we introduce an efficient algorithm to de-
tect multiple user signals of the form assumed in this paper.
We also briefly describe a variation of the algorithm which
could be used for the ADDER channel.
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TABLE 1
CODEBOOK FOR TWO-USER SYSTEM

Message User X User Y
A 1,2 1,3
B 3,4 2,4

7 % %
%, 7 7
Y, Y

L/

7 Y %

XA - YA XA - YB XB - YA XB - YB
Fig. 3. Composite signal matrices seen by receiver.

TABLE II
A CODEBOOK WHICH IS NOT INTERFERENCE-FREE

Message User X User Y
A 1,3 2,4
B 2,3 1,4

A. The Decoding Task

It is possible to use brute force techniques to decode a
composite signal, but the required systematic searches of all
possible composites make the approach quite impractical.

Let us return to Fig. 2 to consider the dilemma faced by
the receiver. Suppose that it finds that a particular square in
the matrix is filled. It does not know how many users or which
users radjated into that particular square. It is confused by the
mutual interference phenomenon. The solution is suggested
by an earlier theoretical study [8]. There it was shown that
information is transferred to the receiver only if zero or one
user radiates into a given square. The solution to the decoding
problem is to concentrate not on the filled squares, but on the
empty squares. Empty squares contain a great deal of informa-
tion. They tell us that rhe set of messages sent does not
include any message with an element in that particular time
and frequency square. When we realize this, the decoding
algorithm becomes quite simple.

B. The Composition Decoding Algorithm

We introduce the term ‘‘composition decoding algorithm”™
to identify the procedure described next. The receiver suc-
cessively considers each time segment in the block (the
columns in Fig. 2). To begin, it looks at the first column. noting
which frequency squares are spaces. It then goes through the
codebook and deletes every codeword which has an element
corresponding to a space in the received composite signal,
since these codewords could not have belonged to the set
which made up the true composite signal. It then goes to the
next time segment and repeats the process, deleting more
codewords. After it has done this for all r time segments,
there can be one and only one message left in each of the
columns of the reduced codebook. and this message is that
which the indicated user sent. The algorithm has successtully
decoded the multiple access signal in spite of the mutual
interference. We shall next prove that the algorithm cannot
fail to correctly decode the composite signal if the code is
interference-free,

C. The Decoding Algorithm Theorem

We assume the following situation. The active users each
select one codeword and trunsmit it. The receiver secs a

composite signal. For the particular received composite. the
actual codewords which were sent by the users are called
“proper codewords.” This set will in general change every
time block of length T as users select new messages to send.
The codewords which did not make up a particular composite
are called “improper codewords.™

Theorem 1. For the algorithm to decode composite mes-
sages successfully. producing an error-free message set, it is
a necessary and sufficient condition that the codebook be
interference-free.

Sufficiencv Proof: The algorithm removes only those
codewords which have elements which are spaces in the
composite signal. But proper codewords create marks where
their elements appear. Hence, the algorithm cannot remove
any proper codewords. Furthermore, every improper code-
word must, by the definition of an interference-free code-
book, have at least one element where the composite has a
space. The algorithm will remove all of these improper code-
words. Thus, an interference-free codebook is sufficient for
yiélding an error-free message set.

Necessity Proof: 1f the codebook is not interference-
free. the algorithm will still leave all of the proper code-
words in the reduced codebook. However, it will also leave
all of those improper codewords which do not have at least
one element which does not belong tuv the compositc in
question. Hence, a unique and unambiguous message set is
not obtained, and the condition is seen to be necessary.

D. The Decoding Algoritium for an ADDER Channel

In an ADDER channel it is assumed that the receiver knows
how many users radiate into a given signal element. For this
channel the decoding algorithm is exactly the same as above,
If the code is interference-free and there is no noise, there
can be no errors. The advantage of the ADDER channel is in
its enhanced ability to correct errors due to interference and
noise,

V. THE GENERATION OF INTERFERENCE-FREE CODES

If the decoding algorithm is to decode composite signals
successfully, it 1s necessary that interference-free codes be
obtained. In this section we briefly introduce some codes
which we claim to be interference-free. Because the primary
focus of this paper is the decoding algorithm, we will not
prove here that the codes are interference-free. This proof
will be given in a subsequent paper which will focus on the
generation of codes. We also consider the relation of these
codes to other codes which have been reported in the litera-
ture.

A. Prime Number Codes

Tables I1I and [V give examples of two simple interference-
free codes. The reader may wish to verify that these code-
books satisfy the definition of interference-free codes. For
reasons which will be discussed shortly, we refer to these as
“prime number codes™ of order r, where in these examples
ris 2and 3, respectively.

A prime number code is defined here as a code which pro-
vides r codewords, each of which has r elements, to each of r
users, where the jth codeword of the nth user is the vector

oy =lii+n i+ 20 it (r--1)nl

on=0.1,2r -1 (5-1)

where r is primme. and where the algebraic operations in (5-1)
are modulo r.

We give one additional example of a prime number code,
in Table V. which is intended to help explain the discussion
which follows.
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TABLE 111

User 0 User 1
A 20 g1
B 11 10
TABLE IV
PRIME NUMBER CODEBOOK (r = 3)
Message User 8 User 1 User 2
A ¢80 312 9 21
B 111 1209 102
o 222 2081 218
TABLE V
PRIME NUMBER CODEBOOK (r = §)

Message User 6 User 1 User 2 User 3 User 4
] [ 1110 #1234 #2413 93142 44321
1 11111 12348 13924 14283 19432
2 22222 23401 24139 28314 21843
3 33333 34012 38241 31420 32184
4 44444 48123 42631 43218

We consider now the general case where r is any prime
number. The column of vector codewords produce for user 0
can be written as an r-term constant vector:

cio=1/01,J] (5-2)

where j is the index for the chosen codeword.
The row of vector codewords for the r users correspond-
ing 1o message 0 can be written as
Con = [0,n,2n, - (r - 1)n] (5-3)
where n identifies the nth user. From (5-1)-(5-3) it is clear
that the jth codeword of the nth user can be expressed as

Cin = Cjo +con. (5-4)
That is, any codeword is the modulo-r sum of the vector on
the left end of the codeword’s row and the vector on the
top of the codeword’s column. For example:

[30241] =1{33333] + {02413]. (5-5)

We shall return to an alternative way of viewing prime
number codes, which arises from (5-4), shortly. First, we
give, without prootf in this paper, some properties of these
codes.

1) All of the elements of any codeword are either identical
(in the case of user 0), or all different.

2) Within any column (a given user), the elements of any
codeword differ from those of any other codeword in all r
places.

3) Any two codewords of different users differ in exactly
r — 1 places.

4) Every composite has one and only one complete row.

5) Prime-number codes are interference-tree.

While prime number codes yield codebooks of any de-
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TABLE VI
EFFICIENCY OF PRIME NUMBER CODES

Efficiency

Number of users

3 #.528
5 0.474
9 9.352

13 2.285

sired size, for r prime, they have significant disadvantages.
The primary problem is that these codes do not make efficient
use of the spectrum. To formalize this point, we define spec-
tral efficiency as the ratio of the rate at which the users as a
whole transmit data, to the maximum rate at which an OR
channel can be used to transmit data. The latter is simply
the number of squares or elements in the signaling matrix,
since each of these is worth one bit (it is either a mark or a
space). Since there are r users with r different messages. the
rate at which they send data is r times the logarithm to the
base 2 of r. Hence, the efficiency is

¢ = (rlogy r)/r X r = (logy r)/r. (5-6)

The valuec of the efficiency for a number of values of n
is given in Table VI

The reason that these codes are rather inefficient is that
they permit only one frequency use per time slot. Thisseverely
restricts the number of possible patterns which are permitted.

The efficiencies noted in Table VI are valid if all r users
are active. If only a fraction of them are active, the efficiency
must be multiplied by this fraction to get an even lower
efficiency. The advantage of the above codes is that they do
guarantee interference-free signaling. The disadvantage is that
to obtain this guarantee we must separate messages in form, at
a substantial cost in spectral space.

It is interesting to see what happens if we make the signal
space available to only one user. Suppose that we keep the
restriction that only one frequency is to be transmitted each
time period, and that we have an r by r signaling matrix. The
single user then sends one of r frequencies in the first time
slot. one in the second, and so on. The number of distinct
signals which the user can send is r raised to the r power,
Hence, the signaling efficiency is

e = (logy )/r Xr

= (logy r)/r (5-7)
which is exactly the same as that for the r user case. Note,
however, that the power transmitted by this single user is

only 1/r of that transmitted by all of the users together in the
r user case.

D. Prime Number Codes as Address Codes

in this section we introduce another way to consider prime
number codes, which is interesting for two reasons. First,
it introduces an alternative to the composition decoding
algorithm introduced in Section IV, with certain advantages
and disadvantages. Second, this alternate approach is closely
related to a number of recent studies. It is important to show
how these studies relate to the present work. This issue is
addressed in Section V-E.
Let us go back to (5-4), again using the codebook in Table
V 1o illustrate a general point. We rewrite (5-4). identifying
its components as message and address.
Cin = <o + Con
message

(5-8)

address

wwsadiAL PAGE 1S
Of POOR QUALITY




IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. COM-33, NO. 4, APRIL 1985

We can think of the codebook as composed not of r2
codewords, but rather of r codewords which are found. for
example, for r = 5, in the lett-hand column in Table V., and r
addresses which are the sequences found in the top row, for
example, in Table V. kach address is assigned to one of the r
users. The jth codeword of the nth user is then formed by
adding, modulo r, the desired user address to the desired
message vector.

We shall refer here to codes which have the form of (5-8)
as “address codes” to distinguish them from other codes
described in this paper. One feature of address codes is that
they suggest a rather simple decoding algorithm,

Address Decoding Algorithm: To determine the codeword
sent by a specific user, subtract from the index of frequencies
in a given column in the composite signal the value of the
address of the desired user in the given frequency column.
The desired message is given by the only full row of elements
in the resulting matrix.

It is appropriate at this point to make some comments on
the comparison between composition codes and address
codes before turning to a discussion of previous work on
address codes.

In a noise-free environment, the address decoding algorithm
and the composition decoding algorithm are equally effective

in decoding signals of (ndividual users without error.

E. Previous Work in Address Codes

In this section we review some of the work which has
appeared in the literature, principally in the past five years,
in the area of coded frequency-hopped signals, and address
codes in particular.

We begin by mentioning a recent paper by Chang and Wolf
{1] which assume a general frequency-hopping scheme much
like that considered here. Two types of channel are studied.
one of which is without signal intensity information, and is
equivalent to the OR channel assumed here. The other uses
intensity information, that is, it assumes that the receiver
can tell how many signals were radiated into a particular
signal cell. Techniques are given for constructing codes which
are uniquely decodable in a noise-free environment. Un-
fortunately, the resulting codes require that all users be active
if the decoding is to be correct. We do not wish to make this
restriction, and hence, these codes are not useful here.

The concept of address coding appears to have been intro-
duced first in the literature by Viterbi [14], who applied it
to a proposed low-rate mobile communication system. Good-
man, Henry and Prabhu [5] proposed a multilevel frequency
shift keying system using coding, which is closely related to
some of the approaches discussed in this paper. Specifically,
they use addressing to translate repetition code messages into
frequency-hopped codewords such as those found in the prime
number codes discussed above, and they use an address decod-
ing algorithm to recover the signals. They obtain the prob-
ability of error for a given number of interfering users assum-
ing that user addresses are chosen randomtly. Sometimes the
interference leads to a failure to decode, yielding an error,
and sometimes it does not. Hence, these codes are not inter-
ference-free. But they do tend to provide for higher efficiency
than interference-free codes, at the cost of nonzero error
probability.

The problem of address codes was studied by Einarsson
[3]. Using Einarsson’s terminology, a codeword is given by
the vector:

}",-” :am + Xm : 1 (5-9)
where x,,, the address of the message to be transmitted, has
the range [0, 1, 2, = (Q — 1)], and Q is the number of fre-
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quencies available in the frequency-hopping system. The
vector ] is a unit vector, consisting of L 1's, where L is the
number of time slots in a block. Finally, a,, is an address
vector generated by

a,y, =(by. b, C. mez, . meL_ 1) (5-10)
where b,,,. which is uniquely assigned to a particular user, is
an element of the Galois field of order O, GF(Q). (For a
view of Galois fields. see {3] or [9].) It is necessary that C
be a primitive element of GF(Q). The algebraic operations in
(5-9) are modulo Q. The maximum number of codewords is
Q. and the maximum value of L is Q@ — 1. It is shown by
Einarsson that the codewords generated by the above equation
can have no more than one element in common. As with the
prime number codewords, there are no common elements
for a given user’s codewords. Unlike prime number codes,
however, the Einarsson codes have some codeword pairs from
different users that have no common elements.

‘Einarsson obtained a bound for the error probability for
the above code.

P <(Q - 1)(M—1)(M—2) (M- L)Q* (5-11)

where M is the number of active users.

F. Random Codes

The codes we have discussed so far have been determinis-
tic. The prime number codes are interference-free, and so are
the Einarsson codes as long as the number of users does not
exceed the number of time slots. These codes have the ad-
vantage that they are guaranteed to be interference-free.
However, this guarantee has a price. These codes are inherently
inefficient. as we have seen. particularly if users have low duty
cycles, which is precisely the situation in which one may
want to use code division systems. In this section we discuss
random codes which are more efficient in many applications,
but are subject to interference.

Random codes can be created either by generating random
addresses. and applying these as before, or by generating
random codewords directly. In either event it is no longer
possible to guarantee that the algorithms, either address or
composition decoding, will successfully recover all of the user
codewords. Depending on which codewords are arbitrarily
chosen by the various users, it is possible that a given code-
word may not have an element which does not belong to the
received composite signal. We say then that this codeword
has been “masked™ by the composite. In that event, neither
of the algorithms will be able to remove this codeword.

If the composition decoding algorithm does not have know-
ledge of the codewords of the other users, it cannot remove
this form of interference. This is also true of the address
decoding algorithm. However, if full knowledge of the entire
codebook is available, the composition decoding algorithm can
remove this interference with high probability. The required
extension to the algorithm is explained in Section VI-B.

It was observed above that the basic address decoding
algorithm can detect but not correct errors. Timor [12]
suggested an augmented algorithm which makes use of the
signals sent by other users to determine (probably) which of
two or more signals indicated for a single user is correct,
The augmented algorithm accomplishes essentially the same
task as the vaniation in the composition decoding algorithm
discussed earlier. Timor reported an improvement in the spec-
tral efficiency of about 50-60 percent with the modified
algorithm.

Subsequently, Timor [13] proposed an extension of the
coding scheme in which more than one tone can be trans-
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mitted at the same time by a given user. This gives flexibility
to the system since the time slot length can be increased. It
also yields an increase in the number of users for a given
error probability.

It is important to note that if we use a random codebook
and, hence. no longer require an interference-free system. we
no longer need block synchronization between the various
users. Of course, we also can no longer use knowledge of
other user signals to help correct for errors. However, there
are other approaches to error correction,

V1. WorD ERROR CORRECTION

As has been stated before, the primary purpose of this
paper is to introduce a new decoding algorithm. Under cer-
tain circumstances this decoding is subject to error. In this
section we very briefly sketch some approaches to correcting
these errors. In a future paper we will discuss error correction
techniques in detail.

A. Causes of Error

If the channel is noiseless and an interference-free code is
used, no errors are made by the decoding. But if there is noise
or if we use a random code or if both conditions hold, then
errors may occur.

Errors due to noise appear in the form of a mark changed
into a space, called a deletion, or a space changed into a mark.
called an insertion. The former result in too many words
being deleted from the codebook, and some users appear not
to have transmitted. The latter result in too few words being
deleted, and some users have more than one codeword candi-
date.

Errors due to interference in the case of random codes
appear as masked codewords in addition to the proper code-
word. The decoder is not able to tell which is the correct
codeword. This is apparently the same situation as with
insertions due to noise., However, it is sometimes desirable
to use different error correction techniques.

B. Error Correction Techniques

The discussion so far has concerned signaling over a block
of time length T, as shown in Fig. 2. It is possible to effect
error correction within this block, or over a sequence of
blocks. We begin with the former.

If insertions and deletions due to noise are anticipated,
it is possible to extend the decoding algorithm, The first
step is to require that the receiver make soft decisions, and
store information about the level of confidence it has in its
estimates (the distance the signal was from the threshold).
If a codeword is found to be missing, the decoder inserts
the most likely deletion, and retries the algorithm. This
continues with other likely deletion candidates until a com-
plete decoding is effected. This approach will probably correct
the error, unless the deletion which is reinserted happens to
lead to an apparently complete solution which is incorrect.

If more than one codeword is left in a user’s column after
decoding because of interference, the error can probably be
corrected if the user has access to the codewords of the other
users. The technique is simple. Suppose that a user has two
candidate codewords. The decoder looks at each of the two
separately, and at the decoded codewords of the other users.
If all of the elements of either of the two candidate code-
words belong to the composite made up of the other user
codewords. then that candidate was masked, and must be the
incorrect word. If both candidates were masked, the decoder
cannot remove the ambiguity, and the error persists.

Another approach which can be used as an alternative or
in addition to the above is a ‘‘parity” code scheme. In this
approach each user uses every nth block to send not a code-

word but a parity word corresponding to the modulo-m sum
of the previous n — 1 words. where m is the number of possi-
ble message codewords. If the decoder detects an error in the
n — 1 codewords. a single error is umambiguously detected
since the decoder simply chooses that candidate which makes
parity add up. If more than one error is made, the detector
may be able to detect the error, and may not. A final approach
might better be called ‘“‘error avoidance.” There are some
situations in which a transmitting user may have knowledge
of the other signals before it adds its own. It can then refuse
to send a signal when it knows that one of its other words
will be masked by the other users. One such case is for broad-
cast signals, where all user signals intended for different
receivers are known to the transmitter. A second case is a
local area network in which a user is able to read the compo-
site signal on the line before deciding whether to add a new
contribution,

VII. APPLICATIONS AND CONCLUSIONS -

This paper has introduced a new algorithm for decoding
signals in a code division multiple user communication system.

The general approach and, hence, the new algorithm have
a wide range of applications. Such a system could, of course,
be used in a radio multiple access application, or in a broadcast
application where different signals are to be sent to different
users. It can also be used by a single user, who can select
codewords from a number of columns and send a composite
representing a number of messages at one time. It may have
cryptographic applications. because the interference will look
much like noise to any eavesdropper who does not have a
codebook or the address set. The approach can serve as the
basic signaling protocol for a local area network, as a sub-
stitute, perhaps for contention schemes such as Ethernet.
The advantage of this approach is that contention is not a
problem. Users may ‘‘speak’” simultaneously and the decoding
will do the job of separating the simultaneous messages.

Many issues are still under study. One of these is an evalua-
tion of the relative complexity of implementing this algorithm,
compared to implementation costs for other approaches.
A second question is that of the best codes for particular
applications. Still another is the problem of the best error
correction scheme. In general, the answer to each of these
questions will depend very much on the particular application.
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TESTING AND ANALYSIS OF DOD ADA LANGUAGE PRODUCTS
FOR NASA

RTOP 506-58 AND 482-58

N

AN ACTIVITY IS DESCRIBED WHICH IS KEYED TO JSC'S ROLE AS AN ADA/APSE
TEST SITE UNDER THE AUSPICES OF THE OAST AGREEMENT WITH DOD ESTABLISHING
NASA/DOD COOPERATION IN THE STARS PROGRAM. I PROVIDED ELABORATION ON

A COMTDACT LITTU tHH/01 0 LIUTAL MTMTMTZEC 1ICE AC Tt NACAYL AANMTROAALTAD TDON
A VUNIRALT W1IiH Un/JuLlu WOLO FMILINLIMLALED UOL Ur LUUVAL VUNIRAULIUR LROU

EFFORTS TO TEST AN EVALUATE ADA AND APSE FOR NASA. SPECIFIC OBJECTIVES
AND CONCERNS RELATIVE TO POTENTIAL UTILIZATION OF ADA FOR SPACE STATION
ARE DISCUSSED. FINALLY, DETAILED DISCUSSION IS PROVIDED IN REFERENCE
TO STUDY TASKS SOON TO BE CONTRACTED OUT 'FOR DETAILED INVESTIGATION AND
PROJECT RISK ASSESSMENT.

2-187



Johnson Space Center - Houston, Texas

h,
"
) &
*
:
z
w
|
a
o
S
)
-
i
o
o
w
Q

N
N
N
RTOP #506-58

2-188




re——— —

q00 A9 GIYVHS 39 TT1IM JONYNIINTVW ONV INJWAOTIAIA JOVNONYT 40 SIS0T O

*S700L T0YINOD NOILVYNOTANOD ANY 3ISYE VIVA “¥ITIIW0D QILVY9ALNI
ATHITH VIA TT0MLNOD NOTIYHNOI4NOD FYYMI40S (ILVWOLNY ANV NI-L71n€ -
NOTLYWYOANT 11J177dX3
JH0W JMTACYd LSNW YIWWYHOIO0Ud ISAYIIT ¥ITIAWOD AT INIMIIHD HO¥YI FyOW
(*213 “A3INT430 ATLIDINdX3
VIVE 7Y “S3dAL V1VQ GINI430-¥3SN) SWYH90¥d GILNIWNI00-T71IM
(*313 “3J9YNINYT TYVANYLS “SAHOM AIX IATLAIYISIA FHOW) F1dvayIy

mwm (Q37704LINOD FHOW ANV ITHISTIA ATHITH ONIHINVYE SINVW) AI¥NLINYLS ATHIIH -
mw ¢ SY0¥Y¥T 30NdIY LYHL SFUNIYIS I9YNONYT -
L (VAY NI N3LLIYM) ST00L FONUYNIAINIVW/INIWAOTIAFA FHVYMLH0S I79YIN0d -
Mm 3SN 34V SYILNdWOI LINVL INFHIJSIa

MW 41 NJAJ H3IHIONY 0L 133r0Md 3INO WOHd SITINA0OW FYYML40S F19YSn3y -

* S3ATAOYd S¥311dWOD vay 40 NOTLVAITYA AMOLVANYW -
* SNOTLVII1ddV ¥3ILNdW0D 13003FWI Y04 IHYML40S

40 JINUNIINTYIW ANV INIWdOTIAIQ NI ,S1S0D 3IINAFM, 0L GINDISIA SYM vav 0

. (SWILSAS 1H9IT4 3I¥dS YSYN NI 03Sn SHILNdWOD 13aaIdwd)
o "SHILNAWOD  (30039WT 04 TINIISIM I9YNINYT 100 QYYANYLS ANV LMY-40-31VIS SI vay o

S123IF0¥d F1IA3-3417 9NOT NIA0

S SW3ILSAS  1H91714 33vdS VSYN NI ATINYIIJINOIS ONISYIYINT IYYML40S 40 1S0D ONY 3ZIS O

m w m ._.‘ l_ H M_ m < v_ UD |_ l_ O m ¢ n._ 1S3181NINIOTIAIQENSISIO
VaAY ONTIVOI1S3IANT YSYN ST AHM

NOTSTAT@ SWAISAS SOINOTAV

,._v JUYML40S 40 SISOI JINYNIINIVW ATIWII3I4ST ANV INFWA0TIAIA FYYMI40S IINAIY 1SAW YSYN 0

2-189



*YSYN ¥0d4 3ISdY ANY vav FLYNIvAd NV
1S31 01 123r0oMd ¥YOLIV¥INOD YIYY-1¥D07 ANY “12-HN “YIBY4/IST INIOF ¥ ST LINS3I¥ 0

Qg

g3

<>

WQ ©123ro¥d ¥ay 2Sr 40 1¥0ddnS NI
Mm T12-HN NYHL S1Y0443 aBY1 HIFHL FLYNIQY00D OL SHOLIVHINOD Y3IUV-1¥I071 SITGYNT -
ge NOTLYLINSNOD ANY 3ISI1¥3dX3 3SdY/¥aY ¥04 IIUNOS SIATAOHd -
MW *d01Y 40 LMOddNS NI JIST HLIM

SINIWIFWIY NSYL IT4193dS UNLN4 Y04 SISYE TYNLIVHINOD TVYINID JATAOYd -

t 01 g¥1 SIT90TONHIIL HOIH TI-HN ANY IST NI3MLIF ¢86T HIAW3LAIS (3HSIIEYLSI LIVYINGD O

*OW3IW NI @3ZIN90D3IY 123r0¥d NOILYNIVAI NV 3LIS 1S3L 3Sd¥/vay 10-HN/JST INIOF
*WYH90Hd (SYYLS) SWILSAS IGVITIY “379YLIdYaY 404 A90TONHIIL JHYML40S §,000 NI NOILYMIOND
00a/YSYN ONIHSINEGYLST 1Sv0 ONY a0a N3IIMI3F ¢86T INAC NI (INOIS INIWAFHIY 40 OWIW O

*¢86T INNT NI LSYO A9 dIAO¥ddY dOL¥ IST 0

1S310LNINDOI1IAIQENDISIO

G861 TI¥dY X307110S *d
ANNOY9NIYE 123r0¥d

NOISTAIO SW3LSAS SJINOIAY

SEXA | ‘U0ISNOo - 13)ua0) aoeds uosuyor

2-190




"SWILSAS LH9IT4 ¥SYN F¥N1nd NO vay oL

o >
Em S/IVH WOY4 ONINOTLISNVYL ¥04 SINITITING ANY SNY1d d013A3C O
253
a o
MR
m.Num "Yav 40 3ISN NO S3IIJI770d ONY SOYYANYLS YSYN 4013A3a0 O
.
o0
NOTLY1S 3I¥dS NO @3SnJ04 A9070NHIIL -~
*SWALSAS LHIIT4 VYSYN 3JunLnd

NI 3SN 404 ALITIGYDIITddY ¥I3HL ¥0d4 ST00L NV I9VNINYT vay JLYNTIYAT ANV 1S3L 0O

mwm.—.. Iﬂﬁz&< V—ucl—l_ow -l 1SILGININGOTIAICONDISIT
SAATLI3rg0 123royd

NOISTATQ SW3ILSAS SOINOIAY

2-191



S1JAr0¥d JHYMLH0S
LHOIT4 AON3I9Y ¥0J va¥ 0L QYYANVIS S/VH IHL WO¥J ONINOILISNYYL 04 NYI1d ¥ 4073A30 -

$123r0Y¥d YSYN NO vav 40 3SN ¥04 SIII170d QNY STYYANYLS 40 13S TYNIWON v 407T3AI0T -
NOTLISNYY] (NY SCTHVONYLS VSWYN G
XTH1YW NOTSI1230 vay d0713A30 -
123r0¥d NOTLVLS 3I¥dS 0L SY3IHY WING0¥d 40 ASTH SSISSY
SYIUY W3ING0¥d AIX 404 SIJAL0LONd IHYMIL0S d0TIAIA ONY SITANLS TYIINHIAL (3SNI04 WHOJHAd
*¢ ANY 2 SASVL MOTYW VIA SW3IT90¥d AN AJTINIA]
SWILSAS LHIIT4 NOTLVLS 3I¥dS ¥04 YaY 40 NOILD3T3S NO L¥0d3¥ NOTLVANIWWOIFY d0TIAI0  °h
*0391S31 WILSAS INIWIOYNYW YIVA NOTLVLIS 33¥dS FHL NI NUOMIIN
¥ILINdWOI (3LNGIYISIA ¥ Y04 FYYML40S IdAL010¥d d0T3IA3Q 01 3SAY NV vdy 3SN -
*d01Y JISF 01 (3L1¥73Y SLIIr0¥d vay a3yl
MIFHL NT SIINVAWOD YI¥Y-19207 A9 3ISN H04 ST00L ¥AY 3FAIAOHd -
SWILSAS 1H9IT4 YSYN 0L 379¥I17ddY JHYML40S 3dAL0L0Hd dOT3AIT °¢
*INIWNOYIANI SLI (NY S/TWH HLIM SNOSTHVAWOD
NYYWHONIE AS 3ISdY ANV vay 40 SATLITIAYdYD ONY JINYWHOSYId FLVNIVAT -
ALIT19Y140dSNYYL vay aNY 3SdY JIVIILSIANT -
NOTLVINIWITIWI SNSYIA SINIWIHINDIY 40 SISATYNY XTHLVW WHOJ¥3d -
NOTLYNTVAT ANV ONILS3L 3Sdv/vdy ¢
STOMINGD NOTIVHN9IINOGD 3SdY HSITAVISI (NY ILVHINTD -
SWILSAS ¥ILNAWOI T12-HN ANV ISF F1¥I¥d0¥ddY NO S,3SdV TIVISNI -
NOTIYNIQ¥00D @0a/3Sr HSITvlSd -
$,3SdV 40 JONYNILNIVW ONY NOTLYTIVLISNT I

ORIGINAL PAGE IS
OF .POOR QUALITY

AS3LOLNINGOTIAICENDISAA

86T 11ddV A20110S -d
SASYL 133r0dd MOrYW

NOISTAIO SW3LSAS SJINOIAY

sexa] ‘UoISNOH - J8Jua)) adedg uosuyor

2-192




MY¥L SIINOTTAW-NOLLTT

2k *J0SSY ONY 1¥3ETY AHLOWIL SOTYLIWYILNI

&g DVAIND A¥Y3dS (054) Wel
&5 H3L40S  SINIWNYLSNI TYII¥LIFTI NOXDIH
=8 *4400 STYYYH
gd OINIT) ¥FONTS SWILSAS Y1¥0 NYWWNYO
SS T INT TTIN00Y 30¥dS0¥3Y 1404
U ENECANT
+4¥00 LI *d¥09 STINIIIS ¥ILNAWO)
(02SLAW)> SYT19n0a TTINNOTIW SAVT Y3dYH¥a XYVLS SITHVHD
VILITHYW NTLYYM 30¥4S0¥3Y ON1309
(09SW3T) 033HX207 A907TONHIIL SOTHYYS

(TINNOS¥3d IWTL-JTYH 0/ LNOY) :SIDYNOSIY QY1 INTLYNOT SITNYAWOD YIWY-19I01 22 0

(10-HM) AVYOW SITHVHD -¥a
- SIINYAWOD YIWY-T¥I0T ONILYIIILYYA 40 HOLYNIHO0D ONY LNYLINSNDD 3Sdv/vay O
(04) NYWY09 IAILS

(HH3) ATYHJUAH AYNIL - SHIOYNYW T¥OINHOIL 1DIr0Md O

(HI) SYIAIHD 03 - Y¥IOUNYW 1D3r0¥d INVISISSY O

(Q4) NYW¥Y9 NOYr - ¥IOYNYW 103rodd 0

5861 T1YdY ¥207105 *d
STYAIONI¥d 193r0Yd

NOISTAI( SWILSAS SIINOIAY

2-193



ORIGINAL PAGE IS
OF POOR QUALITY

ANT43A HOTHM (SAOLY) SNY1d (NY SIATLIIACA0 A90TONHIFL vV MITA3M

*710-HN NYHL 9NINIVYL 3ISdv/vay O

*SY¥3LNdW0D aNY ST00L 1¥0ddNS vay¥ 10-HN ANV

ISP 9NISN SIINYAWOD INTLIYAIJILYYd TZ A9 XYOM NI NV Q3INIJIQ ATINI¥HND SOLY w9 0

*SAINYdWOD ONTIVdIITLHYd
Y07 IHL ANV IST “TI-HN N3I3IMLIT SONTLIIW FINVHIXT TYIINHIIL 3SHV/¥ay ATHI3M 0

*SINVAIJI1YYd 1J23r0¥d AS @3WH04¥3d 39 01 SASYLIEANS

133rodd 40 SNIVLIS MATAIY ANV ¥331S -

*SIINVAWOD INILY4IDILYYd 22 HLIM SONIL1IIW dNOY9 ONIYIILS vaY TI-HN/IST ATHINOW O

18310LNINAOIIAICENDISIA

G86T 1IddVY

23071708 *d

NOISTATIQ SW3LSAS SIINOIAY

SITLTATLIY LI3r0odd ONINNILNOD

SEX3] ‘UOISNOH - J8jua) aoeds uosuyor

2-194




G86T MWW

S86T ¥dY 3 434

G861 434
986T 434
S86T g34/NVr

vay X¥A 40 9NTLS3L v139 @3137dW0I
(SITANLS 1dr ANY SITHLIWYILNT) 123r0¥d NOILVIS
3IV¥dS ¥04 3ISAY/va¥ HLIM SWITE08d AN AJTLIN3AT
ISC 1Y WNISOdWAS-INIW dOLY
SIINVAWO) T¢ A9 NYOM-NI ANV (3INI430 SdOLY h9
1df ANY 4S9 “2SM ISP “10-HN LY
AITIVLSNT (STT¥) WILSAS VAV-QILYATIYA HIFLH0S/AWHY

h86T 230 NOTLYLS 3D¥dS ¥04 YOV LNnOGY SNYIINOD ONV SWITH0Yd

IN3Y¥ND 40 1SIT OLNT QILYAIIOSNOD SH3dVd ILIHM

H8ET AON SINYAII11¥vd 193r0¥d WOY4

031937109 S¥3d¥d 3ILIHM NOTLYNTVAT vay

h86T 190 19-HN ONY IST 0L T3INYOT SNOILYLSNHOM

YAv-A3LvaIivAa Tvy¥aN39 vivad / W0y

R ) 03A0Y¥ddY ONY TILLINGNS SAOLY §7

h86T §34 (¥3T1dW0D ILYATTYA-NON) QITIVLSNI

WILSAS VQY (3ddY¥LSL00E SITHLIWYILNI/ATY0L ¥IV

h86T NYI (Z€h T3LNT “Q3/YQY-NAN “L40S37131)

(3TIVLSNT SWILSAS YOV 03LYAITYA-NON T¥II¥IWKO)

¢86T 190 03HSIIEYLST dN0¥Y INTYIILS vay

SIINYAWOD YIYY-1¥I01/19-HN/ISF LNTOF

¢86T 1d3S (FHSITAYLSI LIVYLINGD T9-HN/IST

¢86T 3INNC WY¥90¥d S¥YLS NO INIW3IYOY 0 OWIW YSYN/Q0C
5861 114dY ¥00710S - T

NOISTIATQ SWALSAS SIINOIAY

SANOLSATIW d3131dW0D

2-195



L86T NYF

(40d) MITAIN NIISAA AMYNIWITINA 3FAS NOILVLIS 3IVdS

9861 J4d (40d 3SS 0l ¥oldd) NOTLVLS 3I¥dS ¥04 Nvld NOTLISNWHL ¥av 0L S/7vH
986T AON (40d 3ISS Ol ¥OI¥d) (INI430 SOMYANYLS 3SdV/vay YSWN
986T Y¥dVY  (dd4¥) STVS0d0Y¥d 404 1S3INDIY (3SS) LNIWNOUIANT L1H04dNS FYYMLI40S NOTLVLS 3IJVdS
986T NVl (d4¥ 3SS 01 ¥0I¥d) JF9YNINYT NOTLVLS
3J¥dS SV vav¥ 40 NOIL3373S NO NOILVANIWWOIIY NV [MOd3¥ 1I3rodd
* SANOLSFTIW 9 ISYHd NOTLVLS AI¥dS 0L T3IAIN ¥V SAINOLSITIW ONIMOTTI04 JHL i3L1ON

G861 1d3S 1J-HN ANV IS 1Y NOTLVTIVLSNT 3TV Q3ILVATTVA SOTHLIWNILINI/IIN0S HIY
S86T ATINF ISF 1Y GITIVLISNI ONY (3ISYHIUNd YAV XYA I30 ANV 3a¥Y 0008AW WI0¥/TW¥INID VIVd
86T Yd¥ 123r0¥d NOILYLS 3JIvdS 0L SISTH SSISSY aNV
SW319048d 3SdY/vay AIN JIVITLISIANI 0L SJOLY NV SLIVHINOD

m w m .H I._ M V_ l < V— u O Iﬂ I_ O m . m 1$310LNINAOTIAIONNDISIA

SANOLISTTIW 3139roud

NOISIAIQ SW3LSAS SIINOIAY

sexa] ‘U0ISNOH - Jajua)) aoedg uosuyop

2-196




OF POOR QUALITY

ORIGINAL PAGE IS

(986T °NV[) (3LLIWENS (NV (3LVY¥INID 39 0L NOILVLS 3IVdS ¥04 vaV 40 NOILI3TIS NO 1¥0d3¥ NOILYONIWWOIIY

SW3190¥d 3S3HL JLYIILSIANI 0L TINT43A SLIVYINOD AGNLS IAIA

(6861 -190 - AVW

! NOILYYNA AQNLS)

*0313373S vav 41 123rodd NOILYLS 3I¥dS 0L ASTH NV ALT¥3IAIS SSISSY 0L ANV

*S1¥0438 AANLS Tdr/SITHLIWYIINT

- ANV LST7 ¥43d¥d JLIHM @3LvAIT0SNOD WOY¥d 03LI374S SHSYL ANV QFTJTINIAT SN¥IINOI/SWITF0Ud AN

(86T -¥dy B -434) NOILVLS 3JI¥dS ¥04 vay¥ 3ILYNIVAI 01 ¥IQU0 NI
NOTLVIITLSIANT 04 SWITF0¥d AIX AJTINIAT ATLINIANIAIANT OL TdF ANV SITYLIWMILNT A9 SLIVYINOD AQNLS

(S86T *23(1) SY3Id¥d IFLTHM WOMH AILYHINID LSIT (ILYATTIOSNOD

(S86T °*AON) SHOLIVHINGD ONILVYAIDIL¥Yd AS QIATAOYd SHId¥d ILIHM NHHL AILLIWANS SNYTINGD/SHITA0Nd

A

—§86T Ty

AJUTIUS

1 d

NILY1S 3IvdS ¥04 vay¥y 40 NOI1133173S
NO L¥0d34 NOILYANIWWOIIM ¥

NUTS

TATU SWALSAS SITINUIAY

1SILOLNINDOTIIAIAONDISIT

2-197



(*213 “NOTLYI0TTY AHOW3IW JIIWYNAM)
SWILSAS AILVY-NYW ¥0d4 JHYMLH0S
40 NOTLYOI4TH3IA ONY ALITI9YLSIL YIONIH HOTHM SIHNLYI4 FOVNONYT vAY -
SFOVNONYT ¥IHLIO ONY S/IVH HLIM VAV ONIDVINIINT -
(*313 “SITINIIIT443 ANV SITLITIAYdYI SNOAZIANTY)

(%)

ﬁm ¥3INdW0D dILNGIYLISIA ¥ NI SISYVL YAy 9NOWY SNOTLYIINAWWOD -
mw. (*213 “ONITINAIHIS ASYL SNONOMHINASY (NVY

=

<o

mm JUYML40S TOMINOD LHOITS -
mw (*213 “SXI0T19 A¥3IA0D3IY NV SHITANVH NOT1d3IdNXF)

SWALSAS QILVY-NYW 04 JYYMI40S LUVISIY/A¥FA0D3Y LINVY¥3I0L 110vd -
(*313 “ONINSYL vaV YIA ONITANYH LdNYYILINT)
SWILSAS ONTLVH3d0 MHUOMLAN NV H3LNdWOD -
*SWILSAS 3T9YITIY ATHIIH ANV “ONISS3J0Ud dILNFIHLSIA
“INVY3T0L-170nY4 404 FYYMLH0S FWIL-TYIY ONTINIWA1dWI ¥O4 -

¢
¢
¢
14
I
I
|}
SNONOYHINAS “NOTLYATLIY NSYL “1M0ddNS 9NISS3II0¥d JIT1IAD 3ISTIF¥d) I
I
I
T
T
T
T
I
(SINIFWIHINOIY NOTLVLS 3IVdS ONIINIWITAWI ¥04 IGYLINS) SATLINIAYAYD (NY SI¥NLYIS JOVNONYT vay -1

(S¥3dv¥d 3JLITHM WOM4 [SIT @3ILYAIT0SNOD)

18310LININDOT1IAFAGNDISIA

9861 114dY A307710S *3 *d

NOTIYIS 30vds 403 vl
NOISTAIO SWILSAS SIINOIAY ,

SEX9 )| 'UOISNOH - 19}uad)) 8oedg UOSUYO(

2-198




"ONILSIL SWALSAS ¥3ILINdWOD 139WYL ILNGTHISIA INILHOdNS STN0L +3SdyW -
"SW3LSAS ¥IINdW0I 139¥Y1 NO 300D
40 INT99NGAM IATLOVHIINI-YISN ¥0d4 ¥399n930 13IAIT-IIMN0S -
313 “9NITANYH NOTLd3IXT NV
ONINSYL LINIMUNINOD HO4 ST001 STSATYNY IIWYNAD NV JTLYLS -
SWALSAS INTLYH¥3IdO/YILNWOD 139¥Y] a9L NOILYLS 3IvdS ¥04 S7001L -
SWALSAS ¥31NdWND LSOH @ILNGIYLSIA INILH¥OAdNS ST00L +3SdYW -
INJWNOYIANI/ST00L S/YH 4dS HLIM IT91LVdWOD INIWNOWIANI/STOOL -
SWILSAS INTL1¥H3Id0/¥ILNdWOD 1SOH Q41 NOILYLIS 3IvdS ¥04 ST00L -
SIUNLY3I4 FIVNONYT TYNOILAO @9l SNId ¥ITTdWOD QILYAI VA -
* (+3SdVW) ST001 ¥Ya¥ 40 L3S WNWINIW @dl -
(NOTLYLS 3DVdS ¥04 SIINAIHIS LNIWA0TIAIT NV N9IISIA ANY “9INTAALOLON
N9IS30-30-4004d “ININIVML 1MOddNS OL) ST00L ¥ay 379Y1INS 40 ALITIGYTIIVAY 111
JLINS LS3L NOTLYAITYA ¥aY A9 (3¥NSY3W LON 3002 LI9¥YL ANV ST00L YaY 40 IINVWMO4YId -
ILINS 1S3L NOTLYAITYA vay NI G31S3L LON ,SIUNLYIS ¥aY¥ TYNOTLdO, TIININITIWI -
(NOTLYIT4123dS 39YNINYT YAy NI 39¥MIA0D 40 XIY¥1 (NY 3LINS
IS31 NOTLYAITWA V@Y NI 39¥N3A0D 40 XI¥1 0L Ind) SYITI4W0D vay a3ILvaltvA INI¥I441q
INISN 109 3003 3J¥N0S YAY IWYS FHL WO¥4 0ILVHINID SWYH90¥d 40 NOTLIYHIMO NI SIINIMI44IA -
STYVANYLS I9YNONYT vay <11

S S R - ol . - S = -~ o

(S¥3d¥d JLTHM WOMH 1ST7T 03LVAIT0SNOID)

S8bl 11ddV AU HEN n* ° Q ) 1S310ANINIOTIAICeNDISIA
SN¥IINOD NV SW3IT90¥d
NOTLVLS 3IvdS ¥04 vav

NOTSTATA SW3LSAS SJIINOIAY

2~199



CCINTWSSISSY NSTH 193r0Md (NY NOTLYOTLSIANI 03 TIVL3A ¥04
1IN0 GI1IYHINGT 39 OL SXSVL. AJTLNIAI NIOWYW 1431 NI ,SY3AWON, :3LON

SITINAIHIS NOTLYIS FIVS L3IW 0L ONINIVHL ANY SHIGWAN LINFIIT44NS
NOTLYLS 3I¥dS 404 S700L (LQIZIAYYANYLIS) vay 40 3ISA NI TINIVHL
J9VNONYT vy NI QINIVHL
A90T000H1IW N9ISIM FYYMI40S VaY (SQYYANYLS NOTLVLS 3IVdS) -
yay 01 374v2I1ddY SITdIINIYd NOISIT -
Yay ONISN ONIYIINIONT FYYMLI40S NI (INTVHL
(Vay¥ 9NISN JYYML40S NOILYLS 3IvdS dOTIAIM ANY N9ISIA 01) TINNOSH3d GINIVHL 40 ALTTIAVIIVAY  “A
(FDV4YIINT ¥3ISN AQYYANYLS ON)
$3SdY/SISAYW INIYISATA INOWY ONINIVHLIY INYIIHINOIS LNOHLIM SYIWWVHYIO0Hd 40 ALITIAVLIHOL -
\ *SWILSAS INTLIYHIM0 ANY SHILNAWOI LSOH 3IdAL
ININI4410 ONOWY J03FYIHL SLMYd YO SISV “SISYW 40 ALITIGYHIJONIINT ANV ALTTIAVIHOASNYHL -
JYYML40S LY0ddNS IWTL-NNY 139¥y1 ONY 3000 13941 NIIMLIG STUVANVLS 3FIV4YIINT Q33N -
YAy Y04 SAUYANYLS INTWWYHOO0Hd VSYN 0dIN -
SWILSAS OINTLYHIMO NV SHILNAWOI 1394Vl

2-200

@y JdAL INFHI4410 H04 FWYALH0S ¥QY 40 ALITIGYLIOUVIIH/ALITIAYSAIY -

<E: : 140ddNS 0L STUYANYLS YSYN ONY “SIVD “NYWINOLS 40 XY Al
oo

=8 (S43d¥d ILTHM WON4 1SIT 03LYAII0SNOD)
G &

86

-

L )
[
[=
<X

AV Vetubn NaVal PY

T4

un
o o]
@ a]
I ol
-4

1$3101N3INJO1IAIQENDISIA

-

=

P

—
D

sexa| ‘UOISNOH - Jalua) ededg uosuyor




*INFWSSIASSY NSIY 123r0dd ANV NOILYOILSIANI (371v13d ¥0d
«1N0 TILIVYINOD 39 OL SHSVL, AJTLIN3AT NI9YWW L1437 NI ,SYIAWAN, *3LON

IYYML40S 1H0ddNS IWIL-NNY ANV 3000 139¥¥Y1 @IIn00¥d 40 - b
SATHvY4IT NY S1001 vav 40 - ]

ALTTTEYITNIY NI - ]

ST00L TV 0L JJV4HIINT ATANITH4-¥3ISH - U]

S700L 11V A9 S39IVSSIW YOy¥3 II4133dS (ANY JATLINISIA - h
(YIANTG/YIANIT ANY ¥ITTdWOD ATTVIIILST) h

ST1001 vQv 40 033dS NOILNJIXT - b

*SWILSAS 1394Vl h
h

h

h

t

h

h

b

)

ORIGINAL PAGE IS
OF POOR QUALITY

ANV LSOH H109 9NIL¥0ddNS ST001 +3Sd¥W @4l -

ALTATLINAOY¥d ¥IWWYHIO¥d NI -
SINIWIHINDIN ¥ILNWOI 13I9MVL

INTL-TY3Y 133 01 300D 1394vL @3IINA0¥d 40 I71S ANY (33dS -

NOILVZIWILdO 3003 NI -
ST00L vay 40 ALTMONLYMW -
*313 “SOTHAYY9 “SNOTLIONNS HIVW SY HONS SITHVYEIT L¥0ddNS IWIL-NAYW -
(43d¥d JLTHM WOY¥d LISTT Q31Y¥AII0SNOD

1S310LNINGOTIIAIAONDISIA

G861 114dY T 0108 4
07 (NY SW3T904d

*INOJ-SNYIIN
— , NOILYLS 3IvdS ¥04 Y@V
NOISIAIO SW3LSAS SOINOIAY

2-201



S *INJWSSISSY ASTH 123rodd aNv NOTIVOILSIANT (411vidT H04
»1N0 GILIVYINGD 39 01 SHSYL, AJTLINIQT NI9¥yW L1437 NI ,SYIGWNN, *3ILON
YAy JLYAOWW0DIY 01 NOTLYINIWNING ANV
SAUNAII0ONd INIWIOYNYW S,HOLIYHINOD 40 NOILYII4I00W H0O4 YSYN 0L SIS0D -
agl S¥3HL0 -
YAV Y04 SOHYANYLS ONIWWY¥90Y¥d YSYN -
YAy ¥04 NYd INIWIOYNYW NOTLISINDIY IYyML40S WSUN -
YOy JLYAOWWOIIY 01 NOTLVINIWNJO0M ANY SIYNAII0UA INIWIOYNYW YSYN dIYINOI¥ INIAJIAOW 40 SISOD -
(,TINNOSHId GINTYYL 40 ALINIEYIIVAY G, 33S)
*TINNOSY3d HINS ONINIVYL QNY ONIYIH Y0 vay NI ONINIVYL 379YLINS HIIM TINNOSYId ONIMIH 40 S1S0D -
*JYYML40S FHL 40 SIMYd TYITLIND-TWIL
NI @3I¥IND3IY SI NOTIYZIWILAO-ANYH 40 LNAOWY LNYJI4INOIS vV ‘SWI190¥d
TINYWYO04¥3d 3007 LI9¥YL vav 0L 3Ina 41 IYYML40S ONINIVINIVW 40 SISN3 -
QYYONYLS JFOV4YIINT I9VNONYT S/1WH OL Wavy 40 JONYNILNIVW ANY 3SH “ONIJOT3AI0 -
YAy 01 S/IWH WOMJ 9NIQ0DIY -
INJWNOYIANT Y@y NI 3J¥YML40S S/TvH ONTLSIXF ONINIVINIVW ANV ONISNAY 40 SLS0D -
(NOT1VLS 32¥dS ¥04
vay aNY 31LLNHS ¥04 S/IYH) SWILSAS 1¥0ddNS T0H OML ONINIVINIYW ANY (S3ITNAIHIS
NOTLYLS 3JVdS ONTL1¥0ddNS) $1001 vay 379yLINS ONI¥INDIY 40 S1S0D - S
(173r0¥d NOTLYLS 32¥dS 0L FATLIGTHO¥d ATG1SS0d)
S1S09 “IA

TN o NN Vo NN Fa NN Fa IRV o

ORIGINAL PAGE I3
OF POOR QUALITY
n

(S¥3d¥d FLTHM WO 1SIT @31VAI10SNOD)

15310LNINJOTIAIGENDISIO

G86T 11¥dY A1307170S *3 °d
3 NV SW31904d

INOD JINO
1VIS 33¥dS 04 vav

- SNy
NOI

NOISTATQ SW3LSAS SIINOIAY

SEX8] ‘UOISNOH - JBJUe:) aoedg uosuyor

2-202




*(33dS NI INJFIVAINDI 39 OL A3IWNSSY Y ANV d3SN FHIM SHILNdWOI 0008AW 90 ANY 08Z/TT XVA
"ONIAY0T ¥3SN F79NTS HIIM AWIL NdI ST @33dS
*JINNTW NdI/SINIT 809 SYM VaAY-XYA H04 033dS NOTLVTIdWOD FIVYIAY

*SINIT 68TT 0L hh WOM4 3IZIS NI ONIONWY S3SVD IS3L /¢
*31¥0 0L SV NO (@3L131dW0D S3IS¥D SIS3L 40 Z0¢ 1N09Y AING ST1ON3a

ny “WILSAS JOVNONYT YaY HIFLAOS/AWNY ST .SV
NW.L INIWNOYIANT INIW0TIAIA vaY WI0¥/TYHINID VIvVa ST .34V,
i3
rpe WAl Z T 1334S NOTLND3IXT
mm 60T qT I 1334S YPNIT/YIANTT
& WA ¢ I 133dS I10dW0Y
oo 2
STy 30 HaY-X VA o
HI3140S/ANYY W104/94 30 :
—686TTHedY TI0TT0S—d SWYII0ad IS31 T3dU TR0

ISP ONISN SWILSAS WAy A3LYaiTvA (G
30 SNOSTYYW0) G33dS NHyWHINIA
NUISTATUO SWALSAS SJINUITAY

2-203



gbh
Gll
16
80¢
QLS
86
e
99¢
19¢1
JAS
¢l
8¢Ch
¢0¢
85
fh

SINIT FYN0S #

WY¥90¥d ISMOYE 13SVLIvd
WY¥904d 1S3IL SNOTLINAA 3IWTL
J9¥NIVd SNOTLINNS ONIWIL
WYY90ud 1S3 XTHLIVW

J9YMIVd SNOTLYYId0 XTH1VW
WY¥90¥d LS3L ONTHIS

J9¥MIVd SNOTLYH¥3Id0 INIHLS
WYY¥90Yd 1S31 TIND TUNTWH3L
39YXI¥d ¥3ITTOYINOD TYNIWHAL
WYY¥90Hd 1SIL 0T 1¥0174 JTHINID
Wy¥90¥d LS3L 01 Lv07d

39YXI¥d 01 1V07d

Wy¥90¥d L1S3L 01 3714 (3ANILXT
Wy¥90dd 1S31 01 371

WYY¥90¥d 1S3L 01 FUdWIS

ORIGINAL PAGE IS
OF POOR QUALITY

JWYN

G86T 11Y¥dV

X307170S °d

NOISTATQ SW3ILSAS SIINOIAY

1S3101N3INJOT1IAIAENDISIT

SWY¥90¥d 1S31 AMYWHONIEG VAV OSF

sexa] ‘UoIsnoH - 13judy) aoedg uosuyor

2-204




[T (NOTLYIINAWKOD) WY¥904d LS3IL WWOD NSVl
20s 39¥X0¥d NOILYIINAWKOD ININSYL
Ji WY¥90Yd 1S3L INIYIANG DTUYNAC
981 49VAIVd INTHTI4NG DIWYNAQ
09¢ WY¥90¥d 1531 §17 HLYW DT¥3IN39
I (NOTSY3A T¥INID) AUYHAIT HLVW
Ji WY¥90¥d 1SIL AINO dX3
28 WY¥90¥d 1SIL ATNO LNDS
h9s WY¥90Md 1SIL 817 HLYW B3S
6811 (NOTSY3A TYILN3INGIS) AYVHEIT HLVM
192 WY¥904d 1¥0S (¥0IFY L13SYLY
192 WY¥904d 1¥0S 04073y 135Y1va
SINTT 30¥N0S 7 TavN
5861 1194V %0770 *d Py

SWYY¥90Y¥d 1S3L MYYWHONIF vav ISr

NOISIATIO SW3LSAS SJIINOIAY

2-205



(3A0YddY

(3A0HddY

(3A0Y¥ddY

A3N0¥ddY

MITAIY NI

~SNIVIS d0Lv

ON1SS3I0¥d
IWIL-TYIH INFUYNINOD NI vay 40 AQNILS *INT “7173MXJ0Y
(SWYY90Yd NHYWHINIE S/WH “vaY)
SITLIATLOY 1¥0ddNS LS31 V134 vav asS4/wd1
AQNLS

MYOMLIN HOSSIJ0UONIIW AIINVAQY

AdYY¥EIT AW

JYdS0y3Y Y04

11 NNY JTHLIIWONO9TNI

/I1¥VY¥939TY /DT AWHLTYHY vV SaYT Y34V

vay 3HL 01 W3
/W3LSAS 1¥3dX
-SNvyYl 40 S1J

J9VNINYT INIWWYHIO0Yd
1SAS NOTLVISNYYL vav
3 ONTLSIX3 NY ONTLVT

3443 3HL ILVIT1SIANI 3IVdS0y3Y 9INT304

J1111 401V ANYdWOJ

¢0-50-20

10-¢0-¢0

10-20-¢0

¢0-90-¢0

¢0-50-¢0

H3GWAN d0LY

G86T 11¥dY

%30710S *d

S,d0lY JATLVINSIHdIY

NOISIAIQ SW3ILSAS SIINOIAV

Sex::

1SNOH - J91ua) aoedg uosuyor

1SILOININJOIIAIAENDISIA

ORIGINAL PAGE IS
OF POOR QUALITY

2-206




N87:2915 6

AN OPTICAL DISK ARCHIVE
FOR A DATA BASE MANAGEMENT SYSTEM

Computer Science/Data System
Technical Symposium

April 1985

Douglas T. Thomas
Marshall Space Flight Center

ABSTRACT

This presentation will provide an overview of a Data Base Management
System (DBMS) that can catalog and archive data at rates up to 50M bits/
sec. However, the detail emphasis will be on the laser optical disk
system that is used for the archive.

All key components in the system (3 VAX 11/780s, a SEL 32/2750, a high
speed communication interface, and the Optical Disk) are interfaced to

a 100M bits/sec 16-port fiber optic bus to achieve the high data rates.
The basic data unit is an autonomous data packet. Each packet contains
a primary and secondary header and can be up to one million bits in
length. The data packets are recorded on the optical disk at the same
time the packet headers are being used by the relational data base
management software ORACLE to create a directory independent of the
packet recording process. The user then interfaces to the VAX that
contains the directory for a quick-look scan or retrieval of the packet(s).
The total system functions are distributed between the VAX computers and
the SEL.

The optical disk unit records the data with an argon laser at 100 M
bits/sec from its buffer, which is interfaced to the fiber optic bus.

The same laser is used in the read cycle by reducing the laser power.

The data is read from the disk at 100M bits/sec and placed in the unit's
output buffer at 100 M bits/sec. The distribution rate from there to the
user is controlled by the rate the user can accept the data.
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Abstract

Network control (or network management) functions are essential for effi-
cient and reliable operation of a network. Some control functions are currently
included as part of the OSI (Open Systems Interconnection) model. For local
area networks it is widely recognized that there is a need for additional control
functions. including fault isclation functions, monitoring functions, and confi-
guration functions. These functions can be implemented in either a central or a
distributed manner. The FDDI (Fiber Distributed Data Interface) Medium
Access Control and Station Management protocols provide an example of a dis-

tributed implementation.
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Network Reliability

Mar jory J. Johnson
Research Institute

for Advanced Computer Science
NASA Ames Research Center
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Meaning of network reliability
Current approach to problem
Additional issues to address

Implementation dlternatives

IAAI [ WY ) ‘A' A_*l IA\ 2
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State of local area
network technology

e Past —
Mechanics of communication emphasized

e Present —
Need for network control recognized

* Space Station —
Requires high degree of reliability
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Meaning of Reliability

e Wide area networks —

Degree of connectivity, i.e., availability of
alternate routing

e | ocadl area networks —

Ensuring that a single error will not cause
faillure of the entire network

Providing for recovery from errors without
significant degradation of performance
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General Reliability

Concerns for LANs

Cable vulnerability
Jabbering transmitter
Failure isolation

Bit SynchroniZGtion

Protocol—related problems
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Token Ring

/

Reliability concerns

* Bredk in physical path

* Token—related problems
* Lost token
* Duplicate tokens

* Tokenrecovery
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Star Topology

()
N

Reliability concerns

* Vulnerability of star node
* Complexity of star node
e Coordinating time—slots

e Station insertion or removal
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Layers of OSI Model

Application

Presentation

Session

Transport

Network

Link

Physical
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OSI Control Functions
e Link Layer

* Flow control

e Error control

e Acknowledgement
 Network Layer

e Virtual circuit service

e Datagram service

e Congestion control
e Transport Layer

e Buffer control

e Connection management

e End—to—end error recovery and flow
control

e Application Layer

e Network management
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Layers of OSI Model

for Local Area Networks

Application

Presentation

Session
Transport
Network
Link Logical Link
............ NA/\(:
Physical Physical
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LLocal Area Network
Control

e Fault isolation
e Monitor network to detect faults
* |solate fault to single component

e Fault correction

e Monitoring functions
 Performance measurement
e Performance analysis

e Artificial traffic generation

e Configuration functions
e Directory management
e Set station parameters
e Station insertion and removal

e Stationreset

2-240




Statistics to gather

* number of packets
* number of packets by source
* number of packets by destination

* number of data packets

ntr

* number of control packe

Wi is
* packet size

* packet delay

* number of retransmissions

e number of collisions

* number of packets received in error
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Data analysis

e Distribution of traffic

e Excessive collisions?

e Excessive retransmissions?

e Excessive packet delay?

e Success of station in transmitting packets
e Maximum capacity of channel

e Effect of traffic load on performance
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Artificial traffic
generation

* Test network in laboratory
* Indicate existence of potential problems
* Indicate efficiency of system

* Plan for future growth
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Implementation
alternatives

Central
e Network Control Center

e NBS "measurement center"

Distributed
e Separate network control layer |

e Implementing control functions in each layer l
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"FDDI Network Control

Application

Presentation

Session

—A << C

Transport

Network

Logical Link
MAC
Physical

—A WU

SMT = Station Management
UMT = Upper Management
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FDDI Implementation of
control functions

e Fault isolation functions
* Timers
* Claim token recovery process
* Beacon frame
e Configuration functions
* Optical station bypass
* Redundant channel
e Station Management functions
e Stationreset
* Insertion of station

e Timer alignment
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* Monitoring functions

e Status bits

e Station flags
* Error detected
* Address recognized
* Frame copied

e Station counters
* Frames received
* Timer expirations

* Interface to Station Management
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~ Open Issues

¢ |dentify proper control functions to assign tq

upper layers of the OSI model 1

e Determine effect on network performance
and network reliability of

* Buffer management

* Acknowledgement schemes

e Retransmission schemes

* Multi—layer protocol structure

¢ Determine how to automate control
functions

ORIGINAL PAGE IS
OF POOR QUALITY
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[/VVA DEPARTMENT OF COMPUTER SCEENCE

- ~

PROGRAMMING FAULT-TOLERANT

DISTRIBUTED SYSTEMS IN Ada

Susan J. Voigt

Computer Science And Applications Branch
Langley Research Center

For Presentation At
The Computer Science/Data Systems Technical Symposium
Leesburg, Virginia

April 18, 1985
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‘\ T VA DEPARTMENT OF COMPUTER SCIENCE

-

PROJECT GOALS

® Examine Use And Implementation Of Ada On
Distributed Systems

® Programming Of Systems With ‘‘Fail-Stop’’ Components
® Analyze Tolerance To Loss Of Processors

® Propose Solutions To Language Inadequacies
OAImplement These Solutions

L] Pérform Validation Experiments

® Suggest Long-Term Changes To Ada
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UV A DEPARTMENT OF COMPUTER SCIENCE

4

WHY Ada ON DISTRIBUTED SYSTEMS?

® Ada Will Be Used Extensively In Embedded Systems
® Embedded Systems Will Be Distributed

® Many Applications Will Be Crucial
— Spacecraft Systems
— Aircraft Systems

— Industrial Process Control

® Distributed Systems Should Support Graceful Degradation
— Partial Power Failure
— Physical Damage

— Component Failure

® Ada Permits Distributed Targets Explicitly

~
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M UVA DEPARTMENT OF COMPUTER SCIENCE

/

Ada RENDEZVOUS

Processor 1 Processor 2
Task A Task B
ACCEPT E DO
B.E;. |
END ACCEPT;

Communications Network

® Task A Suspended If Processor 2 Fails During ACCEPT

\_
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UV A DEPARTMENT OF COMPUTER SCENCE

s

Ada DIFFICULTIES

® Language Elements That Cause Difficulty:
— All Forms Of Rendezvous
—- Shared Variables
— Task Elaboration And Termination
— Loss Of Context
— Distribution Control

— Processor Loss - Detection And Signaling
® Complete Lack Of Distribution Semantics

® Complete Lack Of Failure Semantics
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1 [JV A DEPARTMENT OF COMPUTER SCIENCE

/

SOLUTIONS

® Short Term:
— Define Simple Distribution Semantics
« What Can Be Distributed
e Where It Can Be Distributed
e Control Of This Distribution

e Necessary Restrictions On Program
Structure

— Define Failure Semantics As Equivalent To
“ABORT”

® Long Term:
— Complete Redefinition Of Tasking Semantics
— Partial Replacement Of Tasking Syntax

— Language Support For Distributed Systems
Using Fail-Stop Components

\_
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UUVA DEPARTMENT OF COMPUTER SCIENCE

-

STATUS OF SOLUTIONS

® Language Review Complete

® Short Term Solution:
— Distribution Semantics Complete
— Failure Semantics Complete
— Implementation Design Complete
— Implementation Complete And Under Test

— Realistic NASA Application Required For
Evaluation Of All The Ideas

® Long Term:
— Several Proposals Being Examined
— Radical Changes To Ada Required

— U.Va’s Ada-2 Design Expected Soon
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. ™

OTHER ISSUES IN DISTRIBUTED SYSTEMS

® Concurrency Implies Nondeterminism

e Difficulties With “What If” Questions Of Language
Semantics

o Difficulties With “What If”’ Questions Of Fault-Tolerance
Strategy

® Require ‘““Complete” Demonstration Of Fault Tolerance

® Systematic, Repeatable Experiments
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M0 UV A DEPARTMENT OF COMPUTER SCIENCE

TESTBED REQUIREMENTS

® Model Arbitrary Physical Architectures

® Represent Any Logical Organization

® Provide Parallel Execution (The Dllusion At Least)
® Control Interprocessor Communication

® Control Process Execution

® Fail And Restart Processors At Well-Defined Points
® Maintain Time Correctly

® Provide Monitoring Facilities

~
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/

VIRTUAL PROCESSORS

e Key Component Of The Testbed
e Literally Ada ‘‘Virtual Machines”
e One Virtual Processor For Each Ada Task In A Program

® Designed To “Implement” Ada Tasking And Exception
Handling

® Several Different ‘‘Memories”’ - Whatever Is Convenient
¢ “Hardware” Implemented Entry Queues
® “Rendezvous’” And Similar Instructions

¢ Implemented By Simulation
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UV A DEPARTMENT OF COMPUTER SCENCE

K

ABSTRACT PROCESSORS

® Correspond To ‘“Real” Equipment Required By
Experimenter

® Each Abstract Processor Implements Any Number Of
Virtual Processors

® Abstract Processors Are “Ideal” Also - E.G. Suspended,
Failed, Etc

® Abstract Processors Communicate Via An Abstract
Communications System

® Testbed Supports An Arbitrary Number Of Abstract
Processors

~
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~

EXPERIMENTAL STRUCTURE

AP AP AP AP

VP ... VP VP ... VP VP ... VP VP ... VP

Abstract Communications Network

® View Seen By Experimenter

® AP’s Represent Ultimate Target He Has In Mind
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UV A DEPARTMENT OF COMPUTER SCENCE
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PHYSICAL PROCESSORS

® Correspond To ‘““Actual” Equipment Available To
Experimenter

® Each Physical Processor Implements Any Number Of
Abstract Processors

® Physical Processors Are ‘“Real”

® Physical Processors Communicate Via A ‘“Real”
Communications System

® Single Abstract Processor Can Run On Each Physical
Processor
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TESTBED STRUCTURE
Physical Processor Physical Processor
AP AP AP AP
VP ... VP VP ... VP VP ... VP VP ... VP
A
Abstract Net. Abstract Net.

Physical Comm. N